Thermal characteristic is important to determine the thermal resistance of a polymer. In this work, the thermal characteristics of the NR/EPDM blends was investigated to study the storage and application condition of the blends. The NR/EPDM blends were prepared in the two-roll mill by using MAH as a compatibilizer with several types of accelerators, i.e., MBTS from thiazole group, the combination of MBTS and TMTD from thiuram group, and TBBS from sulphenamide group. This research used the thermogravimetric method with the heating rate of 10, 15, and 20 ºC/min. The kinetic parameters are calculated by using Coats-Redfern equation. The degradation of NR/EPDM blends occurs in two stages (first stage at 220-420 ºC and second stage at 420-520 ºC). Combination of MBTS and TMTD give higher energy activation (112.236 kJ/mol), followed by MBTS-blend (111.999 kJ/mol), and TBBS-blend (110.856 kJ/mol). Combination of MBTS and TMTD accelerator with MAH as the compatibilizer is the proper choice for NR/EPDM blends to get a good thermal stability.
INTRODUCTION
The polymeric material, when exposed to heat, will be oxidized. This thermal resistance is different for each polymer, depending on the type, storage, and conditions of application. Thermal characteristics need to be studied to determine the ability of a material to be used before it is degraded. Degradation is the breaking of bonds in the polymer due to free radicals, thereby reducing the polymer's properties. Thermogravimetry is the most commonly used method for studying the thermal characteristics of the materials (Komalan et al., 2008; Nabil et al., 2014) .
Currently, there are a lot of research on blending between two or more types of rubber to improve the properties of the final product (Samarz et al., 2013; Nabil et al., 2014) . EPDM is a saturated rubber that has good ozone resistance and good chemical resistance (Nabil et al., 2013) . Natural rubber is an unsaturated rubber and it easily being deteriorated by ozone, but it has good mechanical properties. Blending NR/EPDM can improve the mechanical properties of the product. It is widely used in the automotive industry (Sahakaro et al., 2008) . However, due to the different properties of NR and EPDM, i.e., saturation, polarity, filler affinity, and solubility, the NR/EPDM blend produces a blend with poor mechanical properties because it is an incompatible blend (Sahakaro et al., 2008; Sae-oui & Sirisinha, 2007) . The compatibilizer is needed to make NR/EPDM blend become more compatible. In this study, maleic anhydride (MAH) was used as a compatibilizer, as has been done by some previous researchers (Pasbakhsh et al., 2009; Tavakoli et al., 2011; Ismail & Mathialagan, 2012) .
In the manufacture of rubber materials, additives are needed to improve the product's properties. Accelerator is one of the additives that accelerate the vulcanization process. This type of accelerator may affect the mechanical properties, processability, and thermal resistance of the material (Sae-oui & Sirisinha, 2007; Nabil et al., 2014) . This study used MBTS (2,2-dithiobis(benzothiazole)), combination of MBTS and TMTD (tetramethyl thiuram disulfide), and TBBS (n-tert-butyl-2-benzothiazolesulfenamide) as the accelerators. MBTS is an accelerator from thiazole group, TMTD from thiuram group, and TBBS from sulfenamides group.
Research on the blending of NR/EPDM has been widely practiced. Sae-oui & Sirisinha (2007) studied the mechanical properties of a blending of NR/EPDM with several accelerators, Sahakaro et al. (2008) studied the blending technique of NR/ EPDM blend. Alipour et al. (2011) studied the morphology and properties of NR/EPDM with organoclay, Nabil et al. (2013) studied the morphology, compounding, and mechanical properties of NR/R-EPDM, and Nabil et al. (2014) studied the thermal stability of NR/EPDM with variations of vulcanization and accelerator systems. However, research on the effect of accelerators on the NR/ EPDM thermal characteristics has not been widely practiced, especially for blending with MAH as the compatibilizer. The blending of NR/EPDM with MAH as the compatibilizer was studied previously (Mayasari et al., 2017) . However, it was focused on the cure characteristics and mechanical properties. To extend our work, the characteristics and kinetics degradation of the NR/EPDM blend using MAH as compatibilizers with several types of accelerators was carried out. The thermogravimetric method was done to study the degradation of NR/EPDM blends when the heat is applied. It is important to know the the storage and application condition of the blends.
MATERIALS AND METHODS

Materials
EPDM/NR blends were made with the formulations described in previous study by Mayasari et al., (2017) 
Methods
This study used the two-roll mill for compounding, hydraulic press machine for vulcanization, rheometer Gotech 3000A for studying the compound's rheology, and Shimadzu DTG-60H for thermogravimetric analysis.
The NR/EPDM blends were prepared by methods and formulations according to prior study (Mayasari et al., 2017) . The formulations of NR/ EPDM blends are shown in Table 1 and Table 2 . Vulcanization of EPDM/NR using a two-roll mill, and vulcanized in a hydraulic press at 160 °C with a pressure of 150 kg/cm 2 with time-based on the rheometer.
Thermal degradation
The thermogravimetric analysis was done using Shimadzu DTG-60H in oxygen with a flow rate of 30 ml/min at 30-600°C. Around 5-8 mg NR/EPDM powder sample was heated with a heating rate of 10, 15, and 20 °C/min using an alumina pan.
Kinetics analysis
The kinetic analysis of the degradation process involves the reaction model and the Arrhenius equation. The reaction kinetics in this study were calculated on the basis of the Coats-Redfern equation approximated by a first-order reaction, as in a study by a previous researcher (Kahrizsangi & Abbasi, 2008; Mayasari & Yuniari, 2016) . The rate of degradation can be described in the equation:
(1)
where
For constant heating rate, , equation (1) can be arranged:
An integration from Eq. (5) leads to the equation:
(6) could be neglected because the value is almost 1, Eq. (6) can be expressed in equation:
Where is the pre-exponential factor, is the degree of conversion, is the rate constant, is the apparent activation energy, is the sample weight at , is the initial sample weight, is the final sample weight, is the gas constant, 8,314 J/(mol.K), is the absolute temperature, K.
RESULTS AND DISCUSSION Thermal Degradation
From the thermogravimetric analysis performed, the thermogravimetric (TG) curves are shown in Figure 1 and the derivative thermogravimetric (DTG) curves are shown in Figure  2 . The thermogravimetric curves show the mass decomposed versus temperature. TG and DTG curves provide information about the extent and the nature of degradation. Figure 1 shows that the TG curves have similar regions for all of the blends. It happens because the formulation of NR/EPDM blends are constant.
All of the NR/EPDM blends with MAH compatibilizers have a good thermal resistance with quite large remaining mass at 600 ºC (39.89%). The blend with good compatibility results good thermal resistance (Komalan et al., 2008; Alam et al., 2014) . The anhydride groups on the MAH will give stronger bonding and can enhance the interfacial interaction between rubber-rubber and rubber-filler. This strong interaction is essential to achieve a good thermal stability.
The derivative thermogravimetric curve in Figure 2 shows that the degradation occurs in two stage, this is in accordance with the study by Nabil et al. (2014) . There are two sharps peak that indicates the temperature when the highest mass degradation occurs. The DTG curves show that MBTS and combination of MBTS and TMTD almost have the same characteristics, while TBBS provides a lower peak. Initial minor mass degradation is seen at temperatures up to 140 ºC which can be attributed to the moisture content's evaporation.Water dehydration occurs and the volatile material is released, such as MAH (boiling point 200 ºC). The temperature in first degradation stage is not significantly different for overall blends, at around 220 ºC and was completed at around 420 ºC with the mass residue is 70.96-73.30%. The first stage is the releasing of the nonrubber materials step, such as processing oil, MBTS, TMTD, TMQ, stearic acid (boiling point 302 °C, 305 °C, 307 °C, 320 °C, 361 °C) and the oxidation of NR. The degradation of the NR molecules happen because of the presence of the oxidized structure and also because of the depletion of sulphidic crosslink in NR (Nabil et al., 2014) .
The second stage occurs at 420-520 ºC. The chain scission of EPDM chain happens in this stage. The formation of free radicals from the oxidation reaction will attack the double bond on the ENB in the EPDM chain. Moreover, a high ENB (ethylidene-2-norbornene) content was used in this study (8.7%). The greater the ENB content, the easier the EPDM is oxidized (Ning et al., 2014) . After stage II is complete, the char residue is remaining (38.86-39.89%). In this study, the NR/EPDM blend was degraded perfectly at temperatures of about 519-522ºC. The degradation stages of NR/EPDM blends are shown in Table 3 . Table 3 shows that the variation of accelerators gives no significant difference in char residue, because the amount of char residue mostly depends on the amount and type of filler. Table  3 shows that MBTS provide better thermal resistance with higher char residue, then the combination of MBTS and TMTD, then TBBS. It may happen because MBTS is a moderate-speed accelerator, so it needs longer time in vulcanization process and provides higher rubber chain. The higher crosslink density can improve the thermal stability of the polymer. This is accordance with the study by Azar & Sen (2016) which found that the moderate-speed accelerator cause more stable monosulphide and disulphide crosslink and give better aging resistance than fast-speed accelerator.
Kinetics Analysis
The kinetics parameter of the degradation of NR/EPDM blends can be calculated from data of thermogravimetric result. The kinetic parameters need to be studied to obtain the optimal design and prediction the lifetime of the product. Activation energy is used to determine the energy needed to break down the rubber bond. From Equation (7), the linear plot of versus 1/T allowed us to obtain the apparent activation energy from the slope -E/R and obtain the pre-exponential factor from an intercept. The first order is being the assumption in this study. Because of the slow heating rate and small sample size, the first order reaction is used as an assumption in this study. Plot versus 1/T are shown in Figure  3 .
The values of activation energy and the preexponential factor from Figure 3 are shown in Table 4 . The NR/EPDM blends require activation energy of 42.239 to 43.903 kJ/mol for stages I and 68.096 to 68.617 kJ/mol for stage II. From Figure  3 , it is known that the correlation coefficient (R 2 ) is approaching 1 for stage I and II. This indicates that each stage can be approached using first order. Table 4 shows that MBTS give the highest activation energy in stage I, both used single and binary. But, MBTS provide the lowest activation energy in stage II. In the opposite, TBBS provide the lowest activation energy in stage I and the highest activation energy in stage II. Activation energy is the energy needed to break the chemical bonds of the composite. This indicates that MBTS as accelerator that can increase the speed of vulcanization and permit vulcanization to proceed at lower temperature with greater efficiency is well crosslinked in NR molecules than EPDM, in stage I. In the other hand, TBBS is more cross-linked on EPDM molecules than NR, requiring large activation energies in stage II. The high activation energy in the blends containing high crosslinking (Nabil et al., 2014 (Indrajati & Sholeh, 2014) .
CONCLUSIONS
From the research that has been done, it is known the degradation of NR/EPDM blends occurs in two stages. The first stage occurs at around 220-420 ºC and the second stage occurs at 420-520 ºC with char residue 39.89%, 39.23%, and 38.86% for MBTS, MBTS/TMTD, and TBBS-blends. Combination of MBTS and TMTD give higher energy activation (112.236 kJ/mol), followed by MBTS-blend (111.999 kJ/mol), and TBBS-blend (110.856 kJ/mol). The accelerator type affects the activation energy on the degradation of the blend. Thus, the blending of NR/EPDM using the combination of MBTS/TMTD with MAH as a compatibilizer is proper for NR/EPDM blends to get a good thermal resistance. Further study is required to obtain a higher correlation coefficient by fitted another reaction model. 
